chamber into another chamber of the vacuum plant. 




New U.S. Application 
Docket No.: 3286-0 169P 




chamber into another chamber of the vacuum plant. 



42. y The vacuum plant of claim 37, further comprising: 



aVansfer system for the automatic transfer of the gas turbine blade from one 



43. The vaouum plant of claim 38, further comprising: 



a transfer system for the automatic transfer of the gas turbine blade from one 




chamber into another chambenof the vacuum plant. - 



REMARKS 



Claims 1-43 are now present in this application, with new claims 17-43 being added 
by the present Preliminary Amendment. It should be noted that the amendments to original 
claims 1-16 of the present application are non-narrowing amendments, made solely to place 
the claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. For example, amendments have been made to remove reference 
numerals in the claims; remove the European phrase "characterized in that"; remove multiple 
dependencies in the claims; and to place claims in a more recognizable U.S. form, including 
the use of the transitional phrase "comprising" as well as the phrase "wherein". Other such 
non-narrowing amendments include reorganizing method (separate clauses beginning with "- 
ing" verbs) and apparatus (elements set forth in separate paragraphs) claims in a more 
recognizable U.S. form. Again, all amendments are non-narrowing and have been made 
solely to place the claims in proper form for U.S. practice and not to overcome any prior art 
or for any other statutory considerations. 
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SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in 
lieu of substitute paragraphs in connection with the present Preliminary Amendment. The 
substitute specification is submitted in clean form, attached hereto, and is accompanied by a 
marked-up version showing the changes made to the original specification. The changes have 
been made in an effort to place the specification in better form for U.S. practice. No new 
matter has been added by these changes to the specification. Further, the substitute 
specification includes paragraph numbers to facilitate amendment practice as requested by the 
U.S. Patent and Trademark Office. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-43 in connection with the present application is earnestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for 



New U.S. Application 
Docket No.: 3286-0169P 

any additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, 
extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




DJD:kna Falls Church, VA 22040-0747 
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ABSTRACT 



A method includes coating a product with a metallic coating, in particular a high- 
temperature component product of a gas turbine, in a vacuum plant. An apparatus coats the 
product with a metallic coating in a vacuum plant, having a coating chamber and a postheat 
treatment chamber. Novel process control with regard to a temperature profile, in particular 
after the application of the metallic coating to the product and before the postheat treatment, 
involves the ensuring of a minimum temperature at all times, this minimum temperature 
being relatively higher than room temperature. 
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Method and apparatus for coating a product, in 
particular a high- temperature component of a gas 
5 turbine 

Co &0 ^lThe invention relates to a method of coating a 
product with a metallic coating, in particular with a 
metallic anti-oxidation coating, in a vacuum plant. In 
10 the method, the product is ^ fed into the vacuum plant 
and heated from room temperature to a product 
temperature, the metallic coating is applied to the 
product, and the coated product is subjected to a 
postheat treatment. Furthermore, the invention relates 
Q 15 to an apparatus for coating a product with a metallic 
coating in a vacuum plant, the vacuum plant eompri-oing 
M a coatinq chamber and a postheat treatment chamber. 

% -^Cod^rrtig plants For coating gas turbine blades are 

W known, e.g. an inline EB-PVD coating plant from 

2 0 Interturbine Von Ardenne GmbH (EB-PVD: Electron Beam - 
C3 Physical Vapor Deposition) , in which a ceramic coating 

is applied to the gas turbine blade by means of 



physical vaporization processes. Such a coating plant, 
for example, may be composed of chambers arranged 

25 directly one behind the other and connected to a 
transfer system for conveying the turbine blades. In 
this case, the first chamber serves as a loading 
chamber for turbine blades. From the loading chamber, 
the turbine blades are transported into a second vacuum 

3 0 chamber connected to the loading chamber and are 
preheated there. Further transport into a process 
chamber then takes place, in which process chamber a 
ceramic material, in particular an yttrium-stabilized 
zirconium oxide, is heated, melted and vaporized by 

35 means of electron beam vaporization. The ceramic 
material condenses on the turbine blades and 
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therefore forms the ceramic coating. The turbine blades 
thus coated are transported further into a cooling 
chamber and cooled therein. The cooling is effected 
without monitoring, in particular in an uncontrolled 
manner, since the turbine blades are left on their own 
in the cooling chamber and consequently emit their heat 
to the surroundings via heat radiation until they have 
cooled down to room temperature. 

US patent 5,238,752 discloses a heat- insulating- 
coating system which is applied to a turbine blade. In 
this case, the parent material of the turbine blade 
consists of a nickel -base superalloy to which a metallic 
protective or bonding coating of the type MCrAlY or PtAl 
is applied. Here, M stands for nickel and/or cobalt, Cr 
stands for chromium, Al stands for aluminum, Y stands 
for yttrium and Pt stands for platinum. Forming on this 
metallic bonding coating is a thin coating of aluminum 
oxide, to which the actual ceramic heat -insulating 
coating of zirconium oxide stabilized with yttrium is 
applied. In this case, the turbine blade is coated by 
means of a physical vaporization process in which the 
ceramic material (zirconium oxide) is vaporized by being 
bombarded with electron beams. This coating process is 
effected in a vacuum chamber, the turbine blade being 
heated via a substrate heater by means of heat radiation 
to a temperature of about 12 00 K to 14 00 K, in 
particular about 1300 K. 

Those coatings on turbine blades which are 
produced in the above -described, known methods and 
apparatuses are still capable of improvement with 
regard to their service life, in particular in the case 
of hot -gas admission when used in a gas turbine. 

The object of the invention is to provide a method 
of coating a product with a metallic coating. In this 
case, the fatigue strength of the metallic coating, in 
particular against corrosive and 



10 
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oxidizing attacks, is to be markedly improved. A 
further object of the invention is to specify an 
apparatus for coating a product with a metallic 
coating. The production of a metallic coating of high 
quality on the product is to be possible with the 
apparatus . 

According to the invention, the first -mentioned 
object is achieved by a method of coating a product 
with a metallic coating, in particular with a metallic 
ant i -oxidation coating, in a vacuum plant^ ^tn wttiGti ^ 
method^ the product is fed into the vacuum plant and 
heated from room temperature to a product temperature^ 



/ 



the metallic coating is applied to the product^ and the 
coated product is subjected to a postheat treatment*^ * 

15 /the postheat treatment fie 1 1-ow i ng ^ t he application of the 
coating in such a way that the temperature of the 
product after the application of the coating and before 
the postheat treatment is at least as high as a minimum 
temperature, the minimum temperature being \ higher than ' 

2 0 room temperature. 

In this case, the invention is based on the idea 
that the quality of a primary metallic coating applied 
to the parent material of a product is especially 
important. Material properties and characteristic 

25 coating properties, such as the homogeneity of the 
coating, the bonding to the substrate, and the 
structure of the boundary layer between coating and 
substrate for example, are important quality features. 
These also have an effect on the bonding and condition 

30 of further coatings which are applied to the primary 
coating possibly in further coating processes. 

A metallic coating on a product, for example a 
metallic anti-oxidation coating, will therefore develop 
its function more effectively, for instance as a 

35 protective coating against corrosion and/or oxidation, 
the better the abovementioned 
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coating properties are realized. For the service life 
of metallic coatings on products which appear under 
oxidizing or corrosive conditions, for example, in 
addition to the selection of the materials, in 
particular the bonding of the coating to the parent 
material of the product is decisive. This depends on 
the treatment of the product in all the phases of the 
production process. In this case, chemical and physical 
- in particular thermal - influences which may possibly 
impair the forming and bonding of the coating are to be 
taken into account .^Chemical influences can be largely 
reduced by the selection of suitable materials for all 
the built-in components of the equipment, which as far 
as possible are to be chemically inert with respect to 
the coating materials. Physical conditions under which 
the process for producing a coating takes place relate 
to the process control in its entirety, that is to say 
from the preparation of the product, via the 
application of the protective coating up to the further 
treatment of the product, normally a subsequent 
postheat treatment - and all possible intermediate 
steps. ^The monitoring and configuration of the process 
control in all the phases of the production process is 
therefore very important. In this case, time -dependent 
and locus -dependent thermodynamic process parameters, 
such as pressure and temperature, to which the product 
is subjected in the production process are to be taken 
into account. For example, on account of the generally 
different coefficients of thermal expansion of parent 
material and coating material, the product temperature 
during the application of the coating (coating 
temperature) and the temperature profile up to 
completion of a postheat treatment of the coated 
product have a considerable effect on the formation of 
the boundary layer between product surface and coating. 
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Virtually steady process control with regard to 
the temperature in all the phases of the process for 
producing the metallic coating can be achieved with the 
method. In this case, after the application of the 
metallic coating to the 
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product and before the postheat treatment, a minimum 
temperature of the product is ensured at all times, 
this minimum temperature being higher than room 
temperature . 

5 In the case of products which constitute high- 

temperature components of gas turbines, for instance in 
the case of gas turbine blades or heat shield elements 
of combustion chambers, this minimum temperature is 
preferably about 500 K, in particular about 900 K to 
10 1400 K. r \ i J* 

The method (Ls — Gfea^aG-te^ze d - by -t rh e — £aot — &i±a& — the 
product is always close to a state of thermodynamic 
equilibrium with its surroundings. Time-dependent and 
spatial temperature gradients, in particular thermal 
15 shocks, are j avoided. By this novel method in the 
J" process control with regard to the temperature profile, 

J~ it is possible to markedly improve the bonding of the 

metallic coating to the parent material of the product 
y5 in the postheat treatment. In the postheat treatment 

L* s 20 following the application of the metallic coating in 
this manner, a firm connection between parent material 
and coating material is produced by diffusion actions, 
and a coating of high quality is formed on the product. 
The application of the metallic coating to the 
2 5 product is preferably effected in a coating region and 
the postheat treatment is preferably effected in a 
postheat treatment region. In this case, the coating 
region and the postheat treatment region are different 
regions of the vacuum plant. It is advantageous to 
30 carry out the application of the metallic coating to 
the product and the postheat treatment in the same 
vacuum plant but spatially separate from one another, 
since these process steps are carried out at somewhat 
different temperatures and generally have different 
35 process times. For example, the application of a 
metallic coating to a gas turbine blade, in particular 
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a metallic anti -oxidation and anti-corrosion coating, 
is carried out at a coating temperature of about 1100 K 
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to 1200 K, whereas the postheat treatment of the gas 
turbine blade is effected at a postheat treatment 
temperature of about 1200 K to 1500 K. The separation 
of coating region and postheat treatment region has a 
favorable effect on the quality and reproducibility of 
the metallic coatings. A situation in which different 
process steps having different process parameters are 
carried out in the same region of a plant is avoided. 
This could be effected virtually only with a periodic 
change of the operating parameters of the vacuum plant, 
a factor which impairs the quality and reproducibility 
of the coatings. 

The coated product is preferably transferred 
automatically from the coating region into the postheat 
treatment region. This procedure is very advantageous 
with regard to industrial production of the metallic 
coating. In particular in a vacuum plant, automatic, 
preferably electronically controlled, transfer of the 
products is far superior to other known embodiments, 
for example with complicated manipulators manually 
operable externally and with sealed vacuum 
leadthroughs . 

The product subjected to postheat treatment is 
preferably cooled down to room temperature in a 
controlled manner. The cooling to room temperature is 
also preferably carried out in a controlled or 
regulated manner. This is effected just prior to 
possible removal of the product from the vacuum plant. 
Monitoring and control of the cooling operation avoids 
a situation in which, after completion of the postheat 
treatment, the product is cooled down in an 
uncontrolled manner to room temperature, a factor which 
could have an adverse effect on the coating properties 
on account of the thermal stresses which then occur 
between the metallic coating and the substrate. 
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A first number of products is preferably located 
in the coating region and simultaneously a second 
number of products is preferably located in the 
postheat treatment region, the second 
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number being larger than the first number. This procedure 
is very advantageous with regard to industrial series 
production of metallic coatings on products. The metallic 
coating is applied to products in the coating region, 
while at the same time products are subjected to a 
postheat treatment in the postheat treatment region. This 
provides for efficient production of metallic coatings on 
products. A continuous and simultaneous pass of products 
through the method steps is possible .^jfrn particular, in 
this continuous method, the pass of products per unit of 
time is markedly increased compared with non- simultaneous 
method steps. In the method, due to the different process 
times of the individual method steps, more products are 
subjected to a postheat treatment than are located at the 
same time in the coating region, since the postheat 
treatment process generally constitutes the limiting 
process with respect to time. For example, the 
application of a metallic coating to a gas turbine blade, 
in particular the application of a metallic anti- 
oxidation and ant i -corrosion coating, has a process time 
of about 30 min, whereas the postheat treatment of the 
gas turbine blade, at about 60 min to 240 min, lasts 
considerably longer. By designing the vacuum plant with 
due regard to the respective process times, a continuous 
and simultaneous pass of products is ensured, and 
efficient production is made possible. 

The product used is preferably a high-temperature 
component of a gas turbine, in particular a gas turbine 
blade or a heat shield element of a combustion chamber. 
Furthermore, the parent material used for the high- 
temperature component is preferably a nickel- or iron- 
or cobalt -base superalloy. A gas turbine blade is a 
high- temperature component which is arranged in the 
hot -gas duct of a gas turbine. A distinction is made 
between turbine guide blades and turbine moving blades, 
which are exposed to high thermal loads, in 
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particular in gas turbines having high turbine inlet 
temperatures of over 1500 K for example, and to 
corrosive and oxidizing conditions due to the hot gas. 
Therefore an appropriate alloy has to be selected for 
5 the parent material. An example of a high-temperature- 
resistant alloy of this type with high creep strength 
on a nickel basis is Inconel 713 C, which in its 
essential components is produced from 73% nickel, 13% 
chromium, 4.2% molybdenum and 2% niobium. 
10 The metallic coating used is preferably an MCrAlX 

alloy, where M stands for one or more elements of the 
group comprising iron, cobalt and nickel, Cr stands for 
chromium, Al stands for aluminum, and X stands for one 
rj or more elements of the group comprising yttrium, 

^ 15 rhenium and the elements of the rare earths. This 

. 

£1 metallic coating is applied to the product, in 

2* particular the high- temperature component of a gas 

hi turbine, in the coating region in a known manner by 

- thermal spraying with the VPS (Vacuum Plasma Spraying) 

rj 20 or LPPS (Low Pressure Plasma Spraying) processes. The 

'%i MCrAlX coatings are especially suitable for high- 

45 temperature components in gas turbines having a parent 

•Ft* 

^; material of a nickel-, or iron- or cobalt -base 

superalloy. They are suitable in stationary gas 

25 turbines and aircraft engines having a high turbine 
inlet temperature. In addition, they are suitable as an 
adhesive mediator coating for the application of 
further coatings in other coating processes, such as, 
for example, for producing a ceramic heat-insulating 

3 0 coating on a product by means of PVD (Physical Vapor 
Deposition) . 

The object which relates to the apparatus is 
achieved according to the invention by an apparatus for 
coating a product with a metallic coating in a vacuum 
35 plant, comprising a coating chamber and a postheat 
treatment chamber, the postheat treatment chamber being 
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connected to the coating chamber in a vacuum-tight 
manner . 
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This makes it possible for the application of the 
metallic coating to a product and the subsequent 
postheat treatment to be carried out in one plant. The 
vacuum-tight connection between the coating chamber and 
the postheat treatment chamber ensures that the product 
is at no time exposed to the atmosphere, in particular 
the oxygen in the air, during the method. The vacuum 
plant is therefore superior to conventional plants in 
which separate vacuum chambers which are not connected 
to one another in a vacuum- tight manner are provided 
for the application of the coating and for the postheat 
treatment . 

A heating device is preferably provided in the 
postheat treatment chamber. The heating device is 
realized in known configurations, for example by a 
radiant heating element for indirect radiant heating or 
by an electron beam gun for heating the product by 
direct electron bombardment. For the postheat 
treatment, the process control is to be configured with 
regard to the temperature of the product in such a way 
that the product temperature is set at a predetermined 
value, the postheat treatment temperature. In this 
case, the postheat treatment temperature is set by 
measuring the temperature of the product and regulating 
the heating output of the heating device, for example 
by regulating the radiation output of a radiant heating 
element via the heating current. 

A preheating chamber is preferably provided, this 
preheating chamber being arranged upstream of the 
coating chamber and being connected to the latter in a 
vacuum- tight manner. The preheating chamber is designed 
as a vacuum chamber and is an integral part of the 
entire vacuum plant for coating a product with a 
metallic coating. Provided in the preheating chamber is 
a heating device which is designed in a known manner, 
for example by a radiant heating element for indirect 



GR 99 P 3096^ - 9a - 

radiant heating or by an electron beam gun for heating 
the product by direct electron bombardment. The 
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preheating chamber serves, on the one hand, to receive 
and preheat the product from room temperature to a 
product temperature and, on the other hand, to pretreat 
and prepare the product for subsequent method steps, in 
5 particular for the application of the metallic coating 
to the product in the coating chamber. In the 
preheating chamber, possible impurities which may have 
entered the surface of the product can also be emitted 
as gases from the product. Impurities may adversely 
10 affect the application of the coating to the product 
and thus the quality of the coating. Therefore the 
preheating chamber, in addition to the preliminary 
process heating, at the same time performs an important 

p cleaning function for the product to be coated, so 

15 that, due to the degassing process, a product having an 

«p& appropriately clean prepared surface and well-defined 

^ product temperature is prepared. 

53 

yj A cooling chamber is preferably provided, this 

■ ;: 1 

™ cooling chamber being arranged downstream of the 

s 

p 2 0 postheat treatment chamber and being connected to the 
latter m a vacuum- tight manner. A product is heated 
after it has been subjected to the postheat treatment. 
In order to treat the product further or feed it to its 
destination, it is brought to room temperature in a 
25 suitable manner. To this end, it has to be cooled down, 
for which purpose, in conventional methods, the 
external postheat treatment chamber, which is not 
coupled to a coating chamber, is likewise used. The 
product is cooled down in a controlled manner in this 
3 0 postheat treatment chamber ^In the vacuum plant, on the 
other hand, the controlled cooling operation is 
effected in a separate cooling chamber. In this case, 
the cooling chamber is designed as a vacuum chamber and 
is an integral part of the entire vacuum plant. In 
35 order to cool the product in a controlled manner, a 
heating device is provided in the cooling chamber. This 



GR 99 P 309 



- 10a - 



heating device ensures that the product is at a 
predetermined temperature during the cooling operation . 
As a result, the product is not cooled too rapidly via 
heat radiation or heat conduction to the surroundings 
but is cooled virtually steadily by the temperature 
being reduced down to room temperature gradually and in 
a controlled 
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manner by regulating the heating output of the heating 
device .^The heating device is designed, for example, in 
the form of a known radiant heating element for 
indirect radiant heating of the product. Additional 
known treatment devices for cooling the product, for 
instance in the form of a gas supply system for inert 
cooling gases (e.g. argon), can be provided in the 
cooling chamber. In this embodiment, inert cooling gas 
is admitted in a carefully metered manner to the heated 
products and the latter are cooled down to room 
temperature in a controlled manner. The cooling chamber 
advantageously serves at the same time as a removal 
chamber for the products. 

The vacuum-tight connection between the coating 
chamber and the postheat treatment chamber is 
preferably produced via a lock chamber. Both the 
process times for the application of the metallic 
coating to the product and for its postheat treatment 
and the respective process parameters, in particular 
the coating temperature and the postheat treatment 
temperature, are different. For example, the 
application of a metallic coating to a gas turbine 
blade, in particular a metallic anti-oxidation and 
anti-corrosion coating, is effected at a coating 
temperature of about 1100 K to 12 00 K. On the other 
hand, the postheat treatment of the coated gas turbine 
blade is effected at a markedly higher postheat 
treatment temperature of 1200 K to 1500 K.^It is 
therefore expedient to also spatially separate these 
processes from one another by appropriate devices, here 
realized by a separate lock chamber, to such an extent 
that mutual interactions are largely ruled out. This 
configuration is also favorable in terms of the method. 
In this case, the lock chamber serves primarily to 
transfer the products from the coating chamber to the 
postheat treatment chamber. It is an integral part of 
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the vacuum plant. A heating device is preferably 

provided in the lock chamber, this heating device 

ensuring a predetermined product temperature during the 
transfer . 
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In this case, the product temperature in the lock 
chamber can advantageously be continuously adapted to 
the respective process temperatures during the transfer 
of the products from the coating chamber into the 
postheat treatment chamber. Furthermore, when the 
vacuum plant is used for industrial series production 
in a simultaneous continuous method, the lock chamber 
serves as an important buffer system in order to adapt 
the quantities to one another, if need be, and thus 
ensure as far as possible a continuous pass of 
products . 

A transfer system is preferably provided for the 
automatic transfer of the product from a vacuum chamber 
(preheating chamber, coating chamber, lock chamber, 
postheat treatment chamber, cooling chamber) into 
another vacuum chamber of the vacuum plant. 

In particular in a vacuum plant, automatic, 
preferably electronically controlled, transfer of the 
products is far superior to other known embodiments, for 
example with complicated manipulators manually operable 
externally and with sealed vacuum leadthroughs . In order 
to permit in particular a continuous and automated pass 
of the products, the vacuum chambers of the vacuum plant 
(preheating chamber, coating chamber, lock chamber, 
postheat treatment chamber, cooling chamber) are 
equipped with a suitable transfer system. In this case, 
the transfer system has devices for receiving products, 
for transporting products and for transferring products, 
the devices being arranged in the individual vacuum 
chambers . 

The coating chamber preferably has a first 
receiving capacity and the postheat treatment chamber 
preferably has a second receiving capacity for 
products, the second receiving capacity being greater 
than the first receiving capacity. In general, the 
(average) number of products 
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in a vacuum chamber is obtained from the number of fed 
products per unit of time multiplied by the (average) 
retention time of the products in the vacuum chamber. 
In the ideal continuous pass, the number of fed 
5 products per unit of time is the same for all vacuum 
chambers. The (average) number of products in a vacuum 
chamber is then determined by the retention time in 
this vacuum chamber. The relative receiving capacities 
to be planned for products for the coating chamber and 
10 for the postheat treatment chamber are then 
approximately given by the respective process times in 
these vacuum chambers 9jj For the application of an MCrAlX 
coating according to the VPS or LPPS process to a gas 
turbine blade having a parent material made of a 
y3 15 nickel-, iron- or cobalt-base superalloy, a process 
time of typically about 30 minutes is obtained, whereas 
*F the postheat treatment of the gas turbine blade has a 

m 

jij process time of about 120 minutes. The postheat 

S treatment chamber is therefore to be dimensioned and 

2 0 configured in such a way that its receiving capacity 
for gas turbine blades is at least four times as great 
as the receiving capacity of the coating chamber. The 
3 vacuum plant is conceived in such a way that it 

advantageously permits an adaptation of the receiving 
25 capacities to the respective process times and thus a 
continuous and simultaneous pass of products, a factor 
which in turn is very favorable for industrial series 

production .^ ^ ceiPTiafJ d( , t^TK^/a/^ 

The apparatus and the method for coating a product 
30 with a metallic coating in a vacuum plant are explained 
in more detail by way of example with reference to the 
) exemplary embodiments^ shown in the drawing, in which, 
in a partly schematic and simplified manner: 
Fig. 1 shews a schematic longitudinal section of a 
35 vacuum plant for coating products, for example 

gas turbine blades, with a metallic coating, 
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Fig. 2 shows a diagram with a simplified temperature 
profile for a product according to a 
conventional method, and 
Fig. 3 -shrrws^ a diagram with a simplified temperature 
5 profile for a product according to the method 

_ according to the invention. yric /1X 

2T~vacuum plant: 1 tor coating products 12, here gas 
turbine blades 12 for example, with a metallic coating 13 
is shown schematically in figure 1 in a longitudinal 
10 section. The vacuum plant 1 has various vacuum chambers 
2, 3, 4, 5, 6 - successively a preheating chamber 2, a 
coating chamber 3, a lock chamber 4, a postheat treatment 
chamber 5 and a cooling chamber 6. In this case, the 
p coating chamber 3 is connected in a vacuum- tight manner 

15 to the postheat treatment chamber 5 via the lock chamber 
4. The preheating chamber 2 is arranged upstream of the 

2Z- coating chamber 3 and is connected to the latter in a 

03 

yj vacuum- tight manner. The cooling chamber 6 is arranged 

downstream of the postheat treatment chamber 5 and is 
p 20 connected to the latter in a vacuum-tight manner 7/fln each 

% case, at least one heating device 7, 7A is provided in 

W 

43 the preheating chamber 2, the lock chamber 4, the 

*l postheat treatment chamber 5 and the cooling chamber 6. 

In the exemplary embodiment shown, the heating devices 7, 

25 7A in the individual vacuum chambers 2, 4, 5, 6 are 
designed as radiant heating elements for the controlled 
heating of the gas turbine blades 12 arranged in the 
vacuum chambers to a predetermined product temperature. 
Provided in the vacuum chambers 2, 3, 4, 5, 6 is a 

30 transfer system 8, 11 which is designed in each case as a 
delivery/receiving device 11 and transport device 8 in 
the individual vacuum chambers 2, 3, 4, 5, 6. In each 
case at least two gas turbine blades 12 are arranged on 
the respective transport devices 8 in the preheating 

35 chamber 2, the . lock chamber 4, the postheat treatment 
chamber 5 and the cooling chamber 6. 
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$ The coating chamber 3 has a coating region 9 in which a 
coating device 14 and a holder 16, rotatable about a 
longitudinal axis 17, for gas turbine blades 12 are 
arranged. In this j case, the coating device 14 isj 
5 designed as^a VPS (Vacuum Plasma Spraying) or LPPS (Low 
Pressure Plasma Spraying) device (plasma torch) for the 
thermal spraying of coating material 15 - for example 
MCrAlX - onto a gas turbine blade 12.^The coating 
device 14 at the same time serves to heat the gas 

10 turbine blade 12 to a predetermined product 
temperature. This is ensured during a coating operation 
by the hot process gases of the coating device 14 
(plasma torch) and by the coating material 15 striking 
the gas turbine blade 12.^ A gas turbine blade 12 is 

15 located in the coating region 9 on the holder 16. The 
coating device 14 is arranged above the gas turbine 
blade 12 in the coating region 9. Formed in the 
postheat treatment chamber 5 is a postheat treatment 
region 10, in which a number of coated gas turbine y 

20 blades 12 having a metallic coating 13, jrRr-pa rrtieul ar 
an MCrAlX coating, are located on the transport device 
8. In this case, the number of gas turbine blades 12 in 
the postheat treatment region 10 is greater than the 
number of gas turbine blades 12 in the coating region 
wo heating devices 7A are provided in the postheat 
treatment region 10. One heating device 7A is arranged 
above and the other heating device 7A is arranged below 
the gas turbine blades 12, so that heating of the gas 
turbine blades 12 to a predetermined product 

30 temperature (^which is^j the postheat treatment temperature/ S 
is thereby ensured by heat radiation. The vacuum 
chambers 2, 3, 4, 5, 6 of the vacuum plant 1 are 
connected to a vacuum pump system (not shown in figure 
1) , which preferably consists of a diffusion pump, 

35 valves and vacuum measuring devices and also a backing 
pump, so that a respectively 
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required vacuum can be set in the individual vacuum 
chambers 2, 3, 4, 5, 6. 

In the coating method for coating a product 12, for 
example a gas turbine blade 12, with a metallic coating 
5 13, in — partdreaiarj( a metallic MCrAlX ant i -oxidation 
coating, in a vacuum plant 1, a gas turbine blade 12 is 
first of all fed into the preheating chamber 2 and 
arranged on the transport device 8 of the transfer 
system 8, 11. The preheating chamber 2 serves to receive 

10 and preheat the gas turbine blade 12. With the heating 
device 7 provided in the preheating chamber 2, the gas 
turbine blade 12 is heated from room temperature to a 
product temperature which is the coating temperature. 
^The gas turbine blade 12 is pretreated in the preheating 

15 chamber 2 and prepared for subsequent method steps, in 
particular for the application of the metallic coating 
13 to the gas turbine blade 12 in the coating chamber 3 . 
In the preheating chamber 2, possible impurities which 
may have entered the surface of the gas turbine blade 12 

2 0 can also be emitted as gases from the gas turbine blade 
12. Therefore the preheating chamber 2, in addition to 
the preliminary process heating, at the same time 
performs an important cleaning function for the gas 



turbine blade 12 to be coated After the heating and 
25 degassing process, a gas turbine blade 12 having an 
appropriately clean prepared surface and well-defined 
product temperature which is the coating temperature is 
prepared here. The gas turbine blade 12 is then 
automatically transferred by the transfer system 8, 11 
3 0 from the preheating chamber 2 into the coating region 9 
of the coating chamber 3 and arranged on a movable 
holder 16, here rotatable about a longitudinal axis 17. 
pin the coating chamber 3, during the coating operation, 
a metallic coating 13, . for example an MCrAlX anti- 
35 oxidation coating, is applied to the gas turbine blade 
12. The coating material 15 (MCrAlX), 
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for example by thermal spraying with VPS or LPPS 
spraying methods, is applied to the surface of the gas 
turbine blade 12 moving about the longitudinal axis 17, 
in this^ case rotating about the longitudinal axis 17. 
In this jcase, 'the process time for applying this 
coating 13 is about 30 min. During this period, the gas 
turbine blade 12 is held at a coating temperature of 
around 1100 K to) 1200 K by the process-related heat 
input into the gas turbine blade 12. In this^case, the 
gas turbine blade 12 is heated by the hot process gases 
of the coating device 14 (plasma torch) and by the 
coating material 15 striking the gas turbine blade 12. 
After the metallic coating 13 has been applied to the 
gas turbine blade 12, the latter is automatically 
transferred by the transfer system 8, 11 from the 
coating region 9 into the postheat treatment region 10. 
This transfer is effected via the lock chamber 4. n 
the lock chamber 4, the gas turbine blade 12, by means 
of the heating device 7 arranged there, is held at a 
predetermined product temperature which is always 
higher than a minimum temperature . The minimum 
temperature in this ^ case is ^ higher than room 
temperature and is preferably 500 K, in particular 
between about 900 K andjl400 K.lfAfter the transfer, the 
gas turbine blade 12 provided with a metallic coating 
13 is subjected to a postheat treatment in the postheat 
treatment region 10, this postheat treatment taking 
place at a postheat treatment temperature of about 1200 
K to^ 1500 K. To this end, the gas turbine blade 12 is 
brought to the predetermined postheat treatment 
temperature by means of the heating devices 7A and is 
held at this postheat treatment temperature for a 
period of time. Here, the process time is, for example, 
120 min (also see descriptions with respect to figure 2 
and figure 3). As a result, firm bonding (diffusion 
bonding) between the metallic coating 13 and the parent 
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material of the gas turbine blade 12 is produced 
the postheat treatment, the gas turbine blade 
automatically transferred from the postheat 
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treatment chamber 5 into the cooling chamber 6. A gas 
turbine blade 12 is heated after it has been subjected 
to the postheat treatment. In order to treat the gas 
turbine blade 12 further or feed it to its destination, 
5 it is brought to room temperature in a suitable manner. 
To this end, it has to be cooled down.^In conventional 
methods, this is likewise carried out in the external 
postheat treatment chamber, which does not have a 
vacuum coupling to the coating chamber. In the vacuum 
10 plant, on the other hand, the controlled cooling 
operation is effected in the separate cooling chamber 
6. In order to cool the gas turbine blade 12 in a 
controlled manner, a heating device 7 is provided in 
fi the cooling chamber 6. This heating device 7 ensures 



few 



V 



W 15 that the gas turbine blade 12 is at a predetermined 

13 

temperature during the cooling operation. As a result, 



the gas turbine blade 12 is not cooled too rapidly via 
ijj heat radiation or heat conduction to the surroundings^ 



y3 



but is cooled virtually steadily by the temperature 



p 2 0 being reduced down to room temperature gradually and in 
a controlled manner by controlling or regulating the 



heating output of the heating device 7. Once the gas 
turbine blade 12 has been cooled down to room 
temperature in a controlled manner in the cooling 

25 chamber 6, it is removed from the cooling chamber 6. 

The method, just described by way of example for a 
product 12, in particular a gas turbine blade 12, for 
coating a product 12 with a metallic coating 13 is 
characterized by the fact that it is conceived as a 

3 0 continuous and j simultaneous method. In this way, a ^ 
plurality of products 12 can pass through various 
method steps jj simultaneously and continuously. In figure r 
1, this is illustrated by the fact that, for example, 
one gas turbine blade 12 is located in the coating 

35 region 9 and ^ simultaneously a larger number of gas * 
turbine blades 12 is in each case located in the 
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preheating chamber 2, the lock chamber 4, the postheat 
treatment chamber 10 and the cooling chamber 6. A 
metallic coating 13 is therefore applied to gas turbine 
blades 12 



10 
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in the coating region 9, while gas turbine blades 12 

A tosh „ / 

provided with a metallic coating 13 are^ simultaneously 7 
subjected to a postheat treatment in the postheat 
treatment region l<y^ and at the same time gas turbine 
blades 12 are pretreated in the preheating chamber 2, 
and at the same time gas turbine blades 12 are cooled 
down in a controlled manner in the cooling chamber 6, 
and at the same time gas turbine blades 12 are 
transferred in the lock chamber 4. A continuous and 
^simultaneous pass of gas turbine blades 12 through the • 
various method steps is possible. ^In particular, in 



this continuous method, the pass of gas turbine blades 
12 per unit of time is markedly increased compared with 
non- simultaneous and/or discontinuous methods. In the 

15 method, due to the different process times of the 
individual method steps, more gas turbine blades 12 are 
subjected to a postheat treatment than are coated at 
the same time in the coating region 9, since the 
postheat treatment process generally constitutes the 

20 limiting process with respect to time. By designing the 
vacuum plant 1 with due regard to the respective 
process times, a continuous and simultaneous pass of 
products 12 is ensured, and efficient production of 
metallic coatings 13 on products 12 is made possible. 

25 In this case, the method, in addition to the coating of 
gas turbine blades 12, is also suitable for coating 
other high- temperature components of a gas turbine, for 
example for heat shield elements of a combustion 
chamber. 

3 0 In the following figures, the process control with 

regard to the temperature profile according to a 
conventional method (figure 2) and according to the 
method according to the invention (figure 3) are 
compared with one another and explained in more detail. 

35 Reference is occasionally made here to the reference 
numerals in figure 1 for the purpose of clarification. 
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Figure 2 shows a diagram in which the temperature 
is plotted against time for a product 12 , in particular 
for a gas turbine blade, according to a conventional 
coating method. The time t is plotted on the X-axis of 
5 the diagram, and the temperature T of the product 12 at 
a certain time t during the method is plotted on the Y- 
axis. The product temperature T as a function of the 
time t is shown in the diagram as curve trace Ti(t)Q"The / 
product 12 is first of all heated linearly from room 
10 temperature T R to a product temperature T which is the 
coating temperature T c - While the metallic coating 13 is 
being applied to the product 12, the temperature for 
the coating process time At c is kept at the coating 
temperature T c . The product 12 is then cooled down from 
15 the coating temperature T c to room temperature T R .^The 

product 12 is then normally removed from the coating ^ 
^ chamber 3, put into intermediate storage in a suitable 

|jj manner, and fed at an unspecified point in time to a 

postheat treatment chamber 5 for postheat treatment. 
□ 2 0 The postheat treatment of the product 12 therefore does 
not take place directly after the application of the 
metallic coating 13 . /fin order to illustrate this, the 
time axis t in figure 2 is interrupted after the 
cooling to room temperature T R and before the start of 
25 the postheat treatment. This is therefore not a 
continuous . method. The product 12 is eventually 
subjected to a postheat treatment. To this end, the 
product 12 is first of all heated from room temperature 
T R (linearly) to a product temperature T which is the 
3 0 postheat treatment temperature T H . The latter is higher 
than the coating temperature T c - Since the postheat 
treatment generally has a longer process time than the 
application of the metallic coating 13, the postheat 
treatment process time At H during which the product is 
35 at the postheat treatment temperature T H is accordingly 
greater than the coating process time At c .^For example, 
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for a postheat treatment of products 
constitute gas turbine blades, the 
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postheat treatment process time At H is about four times 
as great as the coating process time At c - After the 
postheat treatment, the product 12 is cooled down again 
from the postheat treatment temperature T H to room 
5 temperature T R . The process control with regard to the 
temperature profile in a conventional method is 
characterized by the fact that the product 12 is cooled 
down to room temperature T R between the application of 
the metallic coating 13 and the postheat treatment. 
10 A diagram having a temperature profile for a 

product 12, in particular for a gas turbine blade, 
according to the method according to the invention is 
shown in figure 3. The time t is plotted on the X-axis 
of the diagram, whereas the product temperature T of 
• 1*2 15 the product 12 at a certain time t is plotted on the Y- 
H; axis of the diagram. The product temperature T as a 

£l function of the time t is illustrated in the diagram by 

^ the corresponding curve trace T 2 (t) . ^jhwith this 

temperature profile, the product 12 is first of all 

2 0 heated linearly from room temperature T R to a product 
temperature T which is the coating temperature T c . While 
the metallic coating 13 is being applied to the product 

M 12, the temperature for the coating process time At c is 

kept at the coating temperature T c . For products 12 
25 which consitute, for example, gas turbine blades which 
are^j provided with an MCrAlX coating, the coating 
temperature T c is about 1100 K tojl200 KjTDirectly after 
the actual coating operation, the product 12 is 
transferred continuously from the coating region 9 into 

3 0 the postheat treatment region 10 through the lock 

chamber 4, which, as illustrated, is possibly 
associated with a change in the temperature of the 
product 12, generally with a decrease in the 
temperature. The temperature profile in this method 
35 step is constructed in such a way that the possible 
temperature decrease of the product 12 from the coating 
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temperature T H to a minimum temperature 
restricted, this minimum temperature T m i n 
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being higher than room temperature T R . In gas turbine 
blades, the minimum temperature T m i n in this case is 



treatment, is then heated to a product temperature T 
which is the postheat treatment temperature T H and 
which, for example for gas turbine blades, is around 



1200 K to^l500 K. The postheat treatment takes place at 
the postheat treatment temperature T H/ at which the 
product 12 is held for a postheat treatment process time 
At H . The postheat treatment process time At H is greater 
than the coating process time Atc^After the postheat 
treatment, the product 12 is cooled down from the 
postheat treatment temperature T H to room temperature T R . 
The time -dependent temperature profile of the product 12 
according to this method has a continuous curve trace 
T 2 (t) which, in particular, connects the plateau region 
having the coating temperature T c and the following 
plateau region having the postheat treatment temperature 
T H in a controlled manner and continuously to one 
another. The connection is effected in this case in such 
a way that, at all times, a minimum temperature T m i n of 
the product 12 is ensured, in which case the product 12 
is definitely not cooled down to room temperature T R 
and/or is definitely not exposed to the atmosphere^ This 
novel process control with regard to the temperature 
profile makes it possible to markedly improve the 
bonding of the metallic coating 13 on the parent 
material of the product 12 during the postheat 
treatment. The product 12 in this case is always close 
to a state of thermodynamic equilibrium with its 
surroundings. Time and spatial temperature gradients, in 
particular harmful thermal shocks as a result of cooling 
to room temperature T R , are avoided, which has a very 
advantageous effect on the quality of the metallic 
coating . 
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1.^ A method of coating a gas turbine blade l( 12 V) with 
a metallic ant i- oxidation coating Ql3T^ in a vacuum 
5 plant (Tl)j, (in which method] c ^P^j^ j ^ 

£Ta)} ^H^gas turbine blade (T 12 ) is feci int^ jpie vacuum 
plant and heatec^from room temperature [TtrIJ to 

a gas turbine blade temperature £Tt) ,*J * 
(Jb)j j^he^ metallic ant i -oxidation coating £^ 13 ) is 
10 applied^to the gas turbine blade £Jl2 ) 7|y and 

£(c)J ^fr^^oated gas turbine blade |Tl2) is subjected^to 

a postheat treatment, ajko-^A 
^"characterized in thatj the postheat treatment follows 
the application of the coating (Tl3Tj in such a way that 
^ 15 the temperature of the gas turbine blade ^Tl2Tj^after the 
application of the coating (Tl3jj and before the postheat 
treatment, is at least /as high as? jar minimum temperature 
(jT m inj, the minimum temperature 1 (T m i n ) I being"j higher than 



room temperature 

y3 20 2 .t,J ic *^The method as claimed in claim 1, (characterized in 
*2 that] 'Che minimum temperature/ (T min ) is about 500 K/, in 

□ particular about 900 K to 1400 kL 

S.fATThe method as claimed in claim 1 /or 2J, 
Characterized in than tne application of the metallic 
25 coating ((13)1 to the gas turbine blade |(12Tl is effected 
in a coating region]/ (9n and the postheat treatment is 
effected in a postheat treatment "region^ Jjl 0j , the 
coating region [T9rj and the postheat treatment region 
(TlO^beij^ different regions of the vacuum plant (Tl)} - 
3 0 4.(J*^Th& method as claimed in claim 3, Characterized in 
thatjjphe coated gas turbine blade (^12)\ is ^transferred 
^automatically^ from the coating 
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regionjC^TJ into the postheat treatment region£Tl3j . 

5.(V^The method as c^aimed^ in. claim l£ 2 , 3 or 4), jL fAy c^f^-j} 
^Characterized in tha"g^^he^^ gas^ turbine blade jj 12 ^j 
subjected to postheat treatment ^^s cooled downj to room 
temperature /Tt r )J 



in a controlled manner. 



6-L^The method as claimed in /one of claims J 3/ 4 or 5f, Ul&cU 
^characterized in tha^ a first number of gas turbine 
blades M12)( is located in the coating region !{9T] and 
^simultaneously^ a second number of gas turbine blades 
10 |7jL2T| is located in the postheat treatment region £"(loJ, 
the second number being larger than the first number. 

7.C^The method as claimed in lone of the preceding 

— *n _L 

claims, in particular as claimed in 1 claim \ QiJ, 

characterized in that the parenu / material used for the 

r— o/ie. of O 4 r - 

15 gas turbine blade |J12)I is^a nickel - jorj^iron- ^or cobalt- 
base superalloy. 



8 .{py^fhe method as claimed in (one of the preceding 
claims|^haracterized in thatj^jtne metallic^jcoating ^13) ^ 
fused! is an MCrAlX alloy, where M stands for one or more 
2 0 elements of the group [^comprising? ^ iron,^J cobalt and 
nickel^ Cr stands for chromiun^^Al stands for aluminun^j^ 
and X stands for one or more elements of the group 
£comprisincfJ JyttriTim, rhenium and the elements of the 



rare earths . 



25 9 . Cff^^^^PP^^^ for coating a gas turbine blade jJ 12 JJ 

with a metallic ant i- oxidation coating R 13 )( in a vacuum 

rn 79 L r^-7^ 

plant ( ( , comprising o a coating chamber £(3j^and '"a 

postheat treatment chamber jjsj , Characterized in that] sjL^a 

the postheat treatment chamber Q5Q is connected to the 

30 coating chamber ^rjin a vacuum-tight manner. 
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10. 1 The apparatus as claimed in claim 9 , Ncharacterized 
in tha^Jj^^Tieating device (\lA)J is provided in the 
postheatAJtreatment chamber (j[5)J. 

11 (Mir apparatus as claimed in claim 9 Jor^ 10, 
5 ^Characterized in that| a preheating chamber^ (2) is 

provided, thisj'jpreheating chamber GiT) being arranged 

upstream of the coating chamber] (3) and being connected y 

to the Aatterj |i"n a vacuum-tight manner. ^ 

12 Or^ThB apparatus as claimed in claim 9^ 10 or lj , ^jk^ r ^^ ffi 
10 (characterized in that^^a cooling chamber ^6) is 

provided, thisJ^CSoling chamber (J^^ being arranged 
downstream of the postheat treatment chamber / (5*)] and 
being ejected *to the^atTte^j^in a vacuum- tight manner. 
13(^~The apparatus as claimed in claim 9/"~10, 11 or 12, 
15 characterized in thatj^fthe vacuum-tight connection 
between the coating chamber anci fc h e postheat 

treatment chamber {(sfj is produced via a lock chamber 

14.^The apparatus as, claimed in claim 13, 
20 (characterized in than a heating device \J7)/ is provided 
in the lo|jc chamber (jt^j • cji^l 

15 l^^Th^apparatus as claimed in ^ne of claimsj|9 (to 14?, £vr tf^<^f ni '*)* 
^characterized in thatj a transfer system ^(8, 11) is 

providedPyfor the automatic transfer of the gas turbine 
25 blade 2)J from {a^ vacuiW^cfiamber Q2 , 3, 4, 5, 6)^ into 
another ^yacuu^ chamber 1(2 , 3 , 4 , 5 , 6)j of the vacuum 

16 .(<r~Tfre apparatus as claimed in lone of claims! 9 [to 13, jjff^fi 
^characterized in that? the coating chamber |j3) ha^^a^/^^^ 

3 0 first receiving capacity and the 
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postheat treatment chamber ^(5) has|ja second receiving 
capacity for gas turbine blades J^12^ , the second 

being greater than the 

receiving capacity 



capacity for gas 
receiving capacity 



first 
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c o apsmg pr^du'c tx^i n 

perature component: of a gas 



The i-nvent-i-on — r@Aa-t.es__t£> jHa. method <of J coating a 

product J^rf with a metallic coating J<2&) , in 
particular a high-temperature component^ of a gas 
turbine, in a vacuum plant j^rT. FurtJaBxroo^e^ -r-fehe* 
i o^entXc^^^e^-a^e-s—t-er^n^ apparatus §©-r— co^SngJ ar product 
jA3-)» with a metallic coating in a vacuum plant 

i^Y , having a coating chamber J&Y and a postheat 
treatment chamber jt-B-^. Novel process control with 

regard to J£fi& temperature profile a^s — de-s-cribed v arn 

jMhiGfe p^©ees«— -eorrtnfo-1 , in particular after the 

application of the metallic coating (l-3> to the product t r 
4-3r34— and before the postheat treatment, ^ a minimum 



at all times, 



this 



temperarature rTSTrn 

minimum temperature (T lt l i n ) being ^ higher than room 
temperature i^&feh 0 
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